S
INCE 1940, when Coblentz 4 described a case of paracerebellar subdural hematoma in a 2-weekold infant, approximately 30 cases of posterior fossa subdural hematoma have been reported. These patients were all successfully treated by surgery. Before the era of computerized tomography (CT) scanning, accurate diagnosis of posterior fossa subdural hematoma was not usually obtained unless obstructive hydrocephalus caused by the subdural hematoma produced progressive enlargement of the head circumference several days after birth.~,3.s,~7,2~ Recently, thanks to CT examination, most patients reported with this disease have undergone surgery at an early stage. 9 
"~~
In spite of successful removal of the posterior fossa hematoma, a shunting procedure has frequently been needed for management of hydrocephalus. 3, 16, 17, 20 This paper stresses the following two points: 1) the importance of prompt diagnosis and treatment of posterior fossa subdural hematomas in neonates, and 2) the correlation between the associated subarachnoid hemorrhage (SAH) demonstrated by the initial CT scan and later onset of communicating hydrocephalus with ventricular dilatation.
Summary of Cases

Patient Population
This series included five neonates with posterior fossa subdural hematomas who received surgical treatment between 1982 and 1986 in our institutions. Initial CT scans were obtained within 3 days of birth. The subdural hematomas were removed by unilateral or bilateral suboccipital craniectomy within 3 days after birth in four cases, and on the 17th day of life in one. A ventriculoperitoneal (VP) shunt was required in one case because of progressive enlargement of the head. The mean follow-up period was 22 months, and four of the five patients showed satisfactory development.
The patients' gestational ages ranged from 39 to 42 weeks. The mean maternal age was 31.2 years and the parity orders ranged from one to three. All five patients were delivered vaginally: three were extracted in breech presentation and two required forceps or vacuum delivery. The mean birth weight was 3670 gm (range 3000 to 4498 gm) and the mean head circumference was 35.4 cm. Apgar scores at 1 minute were 8 or 9 (Table 1) 
Physical Findings
Initial symptoms were noticed within 28 hours after birth and were mostly ofa nonspecific nature, including convulsions, vomiting, and cyanosis (Table 2) . At admission to our departments, apneic attacks were observed in two cases and general hypotonicity, left hemiparesis, and left facial palsy in one case each. A tense fontanel and suture separation were seen in all cases; head circumference increased 0.9 cm on average between birth and admission. Marked anemia was found in two cases.
Initial C T Scans
Initial CT scans were obtained within 3 days after delivery. Subdural hematomas occupied the supra-and/ or retrocerebellar space, and their volume, as calculated on the basis of CT scans, ranged from 15 to 44 ml ( Fig.  1 and Table 2 ). The fourth ventricle and cisterns around the brain stem were compressed markedly, and the third and lateral ventricles were dilated either slightly or moderately in all five cases. A small amount of hematoma was demonstrated in the lateral ventricle in Case 1 (Fig. 2) . Subarachnoid hemorrhage occupied the basal cistern, sylvian fissures, and cisterns around the brain stem in four of the five cases ( Fig. 1 ).
Surgical Treatment
A suboccipital craniectomy was performed in all five cases. Four patients were operated on 3 days or less after birth; one patient (Case 4) was transferred to our institution on the t 3th day with s y m p t o m s of obstructive hydrocephalus and underwent surgery on the 17th day of life. Each h e m a t o m a was composed of clots and liquefied blood of various proportions, W h e n the hem a t o m a was almost fully removed, pink cerebrospinal fluid (CSF) emerged under pressure from a deep subarachnoid space in the operative field and the cerebellum was decompressed. No apparent source of the bleeding was identified. In two cases massive bleeding occurred unexpectedly from the transverse sinus, which had been inadvertently injured by surgical manipulation. Recovery after surgery was uneventful in all cases.
Findings on Serial C T Scans
The postoperative CT scans demonstrated that more than two-thirds of the h e m a t o m a had been removed in all cases. The ventricles decreased in size after removal of the h e m a t o m a but increased again, with a latent period ranging from 2 to 4 weeks. The delayed dilatation of the ventricles decreased spontaneously in four cases without any signs of increased intracranial pressure (ICP); the remaining patient (Case 4) developed progressive enlargement of the head. Moderate ventriculomegaly has remained in Case 3 (Fig. 3) . (Fig. 4) . Metrizamide CT cisternography was performed in three cases from 2 to 4 weeks after removal of the h e m a t o m a , disclosing no obstruction of the CSF pathway in the posterior fossa. The CT scans were obtained 1 to 3 hours after intrathecal administration of the contrast m e d i u m by l u m b a r tap in an attempt to identify any obstruction (Fig. 5) . 
O u t c o m e
Follow-up periods ranged from 6 to 27 months, and the scores of the development quotient were fairly satisfactory ( Table 2 ). Preoperative neurological deficits disappeared within several months after surgery.
Discussion
Biphasic ventricular dilatation observed in cases of posterior fossa subdural h e m a t o m a following birth injury includes the initial finding before removal of the h e m a t o m a and the second dilatation after its removal. The initial dilatation is caused by obstruction of the CSF pathway by compression of the fourth ventricle a n d / o r its outlets. In adults with spontaneous cerebellar hemorrhage a h e m a t o m a with a m a x i m u m diameter of 3 cm (about 14 cu cm) or more usually produces dilatation of the third and lateral ventricles. ~4 Posterior fossa subdural h e m a t o m a s in full-term neonates must also be more than 15 cu cm in order to produce ventricular dilatation, as calculated from the CT scans in the present cases. If a posterior fossa subdural h e m a t o m a exceeds 15 cu cm in volume in the full-term neonate, its surgical removal should be considered to prevent obstructive hydrocephalus and associated brain-stem compression.
The second dilatation appeared up to 4 weeks after surgery. On the basis of pneumoencephalographic findings, Norlrn, et al., s suggested that ventricular dilatation after removal of the posterior fossa subdural hem a t o m a in the neonate is produced by arachnoiditis secondary to hemorrhage. Several autopsy cases have shown additional SAH associated with the posterior fossa subdural h e m a t o m a in the infra-and supratentorial space. 2,~s The existence of an associated SAH demonstrated on CT scans and its sequelae have not been mentioned previously. In the present series, SAH was shown in the basal cisterns by the initial CT scan in four of the five cases, and the degree of ventricular dilatation depended roughly on the volume of the subarachnoid clot (Table 2 ). It is hypothesized that the FIG. 5. Metrizamide-enhanced computerized tomography cisternograms in Case 1 (a), Case 2 (b), and Case 4 (c). There is no obstruction in the cerebrospinal fluid (CSF) pathway in the posterior fossa, which suggests disturbance of CSF absorption at the level of the cerebral convexity. These scans were obtained from 2 to 4 weeks after removal of the hematoma and from 1 to 3 hours after intrathecal administration of the contrast material by lumbar tap.
second ventricular dilatation relates to obstruction of CSF circulation over the cerebral surface, because no obstruction was demonstrated in other parts of the CSF pathway by metrizamide-enhanced CT cisternography.
Although the incidence of communicating hydrocephalus following aneurysmal rupture ranges from 10% tO 34%, 7'28'3~ primary SAH in neonates rarely causes hydrocephalus?'12 Subarachnoid hemorrhage associated with subdural hematoma in the present study produced hydrocephalus in only one case and temporary ventricular dilatation in the other four cases. Tsai, eta/., 27 reported eight cases with posttraumatic subdural hematoma of the posterior fossa. Four of their patients were under 11 years of age; three of these four developed ventricular dilatation only in the acute stage; none presented ventricular enlargement later. Subdural hematoma of the posterior fossa in neonates caused by molding of the skull with vaginal delivery seems to be accompanied by SAH more frequently than is the same disorder occurring in early childhood. Table 3 presents a summary of 20 published cases (including those reported here) of posterior fossa subdural hematoma in neonates who were treated surgically. Only those reports where the birth weight and the age at surgery were accurately described are included; several other reported cases were omitted from the summary because of insufficient description. The mean period from delivery to craniectomy was 16.1 days in the pre-CT era and 4.9 days after CT scanning became available. In the cases published in the pre-CT era, the hematoma was usually removed later than 1 week after delivery when symptoms of obstructive hydrocephalus developed (Fig. 6) . Takagi, et a1.,24 reported 25 autopsy cases of posterior fossa subdural hematoma in neonates, among which eight patients were born at full term (that is, weighed more than 2500 gm at birth). In their series, the interval between birth and death ranged from 22 to 249 hours (mean 111 hours in the full-term neonates). It is supposed that the majority of infants in the pre-CT era died before accurate diagnosis of the posterior fossa hematoma was made, and that infants who had overcome symptoms in the acute stage fortunately underwent surgical treatment in the chronic stage. 22 Nowadays, thanks to CT scanning, early removal of posterior fossa subdural hematoma can save more lives. The clinical severity of a subdural hematoma caused by birth trauma generally depends on the volume of the hematoma and the associated hypoxic Table 3 . There is a significant difference in the preoperative interval between cases treated in the computerized tomography (CT) era and those managed before CT scanning became available. The mean interval in the former group was 4.9 days and in the latter group was 16.1 days. damage to the brain during the perinatal period. 6'26 If the patient does not suffer hypoxic brain damage and appropriate treatment is given in the acute stage, a satisfactory result may ensue.
A shunting procedure was carried out in eight of the 20 published cases (Table 3 ). In three cases the shunt was placed within 1 week after removal of the hematoma. In one of these three cases the shunt system was removed 3 weeks after suboccipital craniectomy due to normalization of CSF circulation, as estimated by radioactive cisternography.~~ In four patients in the present series, a VP shunt was not placed in spite of the presence of ventriculomegaly because their heads were not enlarged and there were no clinical symptoms of increased ICP (Fig. 5) . The fifth patient underwent VP shunt placement because of progressive enlargement of the head 10 months after birth. Although it is known that neonatal intraventricular hemorrhage produces skull enlargement about 2 weeks after ventricular dilatation, 29 ventricular enlargement did not necessarily lead to hydrocephalus in the present series. It is better to observe the ventricular dilatation for a period of time to see whether hydrocephalus follows, unless the infants exhibit symptoms of increased ICP? "13 Postoperative subdural effusion at the craniectomy site appears to be an incidental finding. H, 25 In the present series this phenomenon resolved gradually without any symptoms.
